CHILDHOOD TUBERCULOSIS (TB) is a major global health problem, especially in developing countries with a high prevalence of human immunodefi ciency virus (HIV) infection. According to the World Health Organization (WHO), the prevalence of TB in South Africa was 808 per 100 000 population in 2009; in that same year, HIV prevalence was 178 per 1000 adults aged 15-49 years. 1 Early diagnosis of pulmonary tuberculosis (PTB) in children is important to prevent the progression of disease and severe illness. Micro biological confi rmation has become increasingly important in the context of drug resistance and co-i nfection with HIV.
Microbiological confi rmation is considered diffi cult in children, and especially in infants. Several studies have now shown that induced sputum (IS) is effective for microbiological confi rmation in young children. Results indicate that in hospitalised children a single IS provides a similar yield to three gastric lavages. 2 However, two specimens increase the diagnostic yield both for culture and for Xpert ® MTB/RIF (Cepheid, Inc., Sunnyvale, CA, USA). In a community-based study of ambulatory children with suspected PTB, smear and culture of two IS specimens increased the diagnostic yield by 21.6%. 3 There are limited data on the safety of sputum induction in children. Studies have reported side effects including epistaxis (4-15%), increased cough (5.4-41%), vomiting (0.4-2%) or wheezing (0.3-2%). [2] [3] [4] [5] [6] Two meta-analyses that included adult and paediatric cases reported that IS detected approximately three quarters of Mycobacterium tuberculosis culturepositive cases, regardless of HIV status, 7 and that IS was useful in patients who are unable to expectorate spontaneously. IS was well tolerated by children and adults, and no serious side effects were reported. No differences in yield were found when comparing studies in which single or multiple sampling was performed. 8 Sputum induction has increasingly been used for diagnostic purposes (in childhood TB) and for treatment (in bronchiolitis or cystic fi brosis). [3] [4] [5] [6] [9] [10] [11] [12] Although previous studies have reported a good safety profi le for IS in young children with suspected TB, the sample size was relatively small. The aim of the present study was to investigate the safety of and yield from IS performed among a large cohort of children enrolled in a TB diagnostic study.
METHODS

Patients
Children admitted with suspected PTB to Red Cross War Memorial Children's Hospital, a tertiary health care centre in Cape Town, were enrolled in a study to evaluate new diagnostic methods for TB between February 2009 and February 2012. Part of this cohort has already been reported elsewhere, 9, 13 in studies evaluating diagnostic methods in sputum samples. Children were enrolled if they had suspected PTB on the basis of a chronic cough (>14 days) and one of the following criteria: household contact known to be infected with TB within the previous 3 months; weight loss or failure to gain weight within the previous 3 months; positive purifi ed protein derivative tuberculin skin test (TST; 2 tuberculin units, PPD RT23, Statens Serum Institute, Copenhagen, Denmark); or suggestive features on chest radiography (CXR). A positive TST was defi ned as ⩾5 mm transverse induration in HIV-infected children or ⩾10 mm in non-HIV-infected children.
Children were excluded if they had received ⩾72 h of TB treatment or prophylaxis, if they were not resident in Cape Town and could not be followed up, if informed consent from a parent or legal guardian was not obtainable or if an IS specimen could not be obtained.
The study was approved by the Research and Ethics Committee of the Faculty of Health Sciences of the University of Cape Town, South Africa.
Procedures
A medical history and physical examination were performed at enrolment. Routine clinical investigations included CXR, TST and HIV testing in children whose HIV status was unknown (HIV rapid test followed by a confi rmatory polymerase chain reaction for children aged <18 months, or HIV enzyme-linked immunosorbent assay for children aged ⩾18 months). Children were followed for the duration of their stay in hospital. The decision to start TB treatment was at the discretion of the treating physician. Followup ambulatory visits were made after 3 months for all children.
Sputum induction
Sputum induction was performed after 2-3 h fasting in a dedicated sputum induction room by a trained research nurse. 2, 9 Children were pre-treated with 200 μg salbutamol via a metered dose inhaler with attached spacer (AeroChamber ® ; Trudell Medical, London, ON, Canada) to prevent bronchoconstriction. A jet nebuliser (GRS; Intersurgical, Wokingham, Berkshire, UK) attached to oxygen at a fl ow rate of 5 l/min delivered 5 ml 5% sterile saline (Adcock Ingram, Johannesburg, South Africa) for 15 min.
The children were either suctioned or encouraged to cough, depending on their ability to expectorate. Suctioning was performed through the nasopharynx with a sterile mucus extractor of catheter size 6 or 7. The pressure of the suctioning device was kept between −40 and −50 kPa. The children were monitored throughout the procedure and for 30 min thereafter, clinically and with pulse oximetry (Novametrix paediatric pulse oximeter; DRE Inc., Louisville, KY, USA). Side effects (nose bleed, vomiting, increased cough and wheezing) were recorded. The health professional performing the procedure graded each procedure on a Likert scale ranging from very easy to diffi cult.
The fi rst IS specimen was obtained on the day of enrolment. Spacers and nebuliser equipment were gas-sterilised after each patient use. A second IS specimen was obtained, whenever possible, the following day or a minimum of 4 h after the fi rst specimen. No second specimen was obtained if children were discharged, were intubated or died during this time.
The sputum specimens were processed within 2 h of collection in an accredited routine diagnostic microbiology laboratory by trained technicians who used standardised protocols. After decontamination with N-acetyl-L-cysteine and sodium hydroxide (1.0% final concentration), centrifuged sputum deposits were resuspended in 1.5 ml phosphate buffer. A drop of sediment was used for fl uorescent acid-fast smear microscopy. For Xpert MTB/RIF testing, 1.4 ml of MTB/RIF sample reagent was added to 0.7 ml of the resuspended sputum pellet and processed as previously reported. Automated liquid culture (BACTEC™ MGIT™ [Mycobacterial Growth Indicator Tube]; BD Microbiology Systems, Cockeysville, MD, USA) was performed with 0.5 ml of the resuspended pellet.
Cultures were incubated for 6 weeks if negative. Positive cultures were identifi ed by acid-fast staining followed by GenoType ® MTBDRplus testing (Hain LifeScience GmbH, Nehren, Germany) to confirm the presence of M. tuberculosis and to test for resistance to rifampicin (RMP) and isoniazid (INH). Because the culture results were not available at the time of Xpert testing, staff performing and recording the Xpert tests were unaware of them. If the Xpert or MTBDRplus tests identifi ed the presence of RMP resistance, the corresponding cultured isolate also underwent testing for phenotypic resistance to RMP and INH by automated liquid MGIT culture.
Statistical analysis
The data were analysed using STATA 11 statistical software (STATA Corporation, College Station, TX, USA) and Epi Info version 6 (Centers for Disease Control and Prevention [CDC], Atlanta, GA, USA). Summary descriptive statistics were used to characterise the study population; normally distributed continuous data were summarised as mean and 95% confidence interval (CI) and non-normally distributed continuous data as median and interquartile range (IQR). Categorical data were summarised as proportions and 95%CI. All statistical tests were twosided at α = 0.05. Univariate logistic regression was used to explore the relationship between a positive culture and the method of performing the IS procedure, the amount of sputum obtained, age at time of procedure, diffi culty of the procedure and same day versus next day when performing the procedure. All of these variables were included in a multivariate logistic regression model to adjust for possible confounding.
The children's nutritional status was calculated as weight-for-age Z-score, height-for-age Z-score (HAZ) and weight-for-height Z-score using date of birth, date of measurement, sex, and weight and height at admission. The HAZ score was calculated using the CDC/WHO 1998 reference. 14, 15 Children were considered as malnourished if HAZ ⩽ −2. A total of 1270 sputum induction procedures were performed in 690 patients; 580 (84.1%) children had two IS procedures. In 264 (20.8%) procedures the children were able to expectorate spontaneously. The mean volume of sputum obtained was 2.2 ml (range 1-5).
RESULTS
Of 843 children enrolled from
Adverse effects
An adverse effect occurred in 274 (21.6%) of the procedures, most commonly epistaxis, which occurred in 249 (19.6%) procedures (Table 2) . Among infants, 64 (24.1%) had a nose bleed during the IS procedure, while 185 (18.4%) children aged >12 months had epistaxis. Two (0.2%) children vomited after the procedure. A bronchodilator was required in 3 (0.4%) children aged 0-12 months, in 6 (0.9%) children aged 12-60 months and in 5 (0.7%) patients aged >60 months after they developed wheeze during h ypertonic nebulisation. All 14 (2%) had reversible airway obstruction, with improvement in wheezing after bronchodilator administration.
The median oxygen saturation before sputum induction was 98% (IQR 97-98), and after it was 97% (IQR 96-98). The oxygen saturation of one patient dropped to 73% during the procedure but returned to normal spontaneously.
Microbiological yield from induced sputum
Of 1270 specimens, 197 were culture-positive for M. tuberculosis, giving an overall culture yield of 15.5% per specimen (Table 3) . By specimen, the yield of smear and Xpert was respectively 74/1270 (5.8%) and 154/1270 (12.1%). By patient, the yield of smear, Xpert and culture was respectively 53/690 (7.7%), 104/690 (15.1%) and 129/690 (18.7%).
Of the 580 children with two IS specimens, 91 (15.7%) cultures of the fi rst IS (IS1) were positive for M. tuberculosis. A second sputum induction procedure detected a further 14 culture-positive cases, increasing the yield by 15.4-18.1%. Both IS procedures were performed on the same day in 220 (37.9%) children. Of these, 30 were culture-positive; 28/30 were culture-positive on IS1, while only two additional cases were detected on the second IS (IS2), increasing the yield by 7.1%, from 12.7 to 13.6%. In contrast, 360 (62.1%) children had IS on consecutive days, and 75 (20.8%) of these were positive on culture. Of these, 63 were detected by IS1, while an additional 12 cases were detected by IS2, increasing the yield by 19%. A two-sample test of proportion comparing the yield obtained on two sputum samples on the same day with those taken on consecutive days showed a higher yield in the case of the latter (P = 0.0515).
Method of performing IS
In 1257 IS procedures, the method of obtaining sputum was recorded: 264 (21.0%) were obtained by coughing and 993 (79.0%) by suctioning. Of the 1257 specimens, 191 (15.9%) were culture-positive. Among the culture-positive cases, 62 (32.5%) were obtained by coughing and 129 (67.5%) by suctioning. The culture yield was signifi cantly higher in children who produced a specimen by coughing (23.5%, 62/ 264) compared to those who were suctioned (13.0%, 129/993, P < 0.001). In 317 of the 1257 (25.2%) specimens, ⩽2.5 ml sputum was obtained. Of the samples, 264 (21%) came from children aged <12 months.
Difficulty of procedure
The diffi culty of the IS procedure was recorded in 1263 cases. The procedure was rated as very easy or easy to perform in 1032 (81.7%) cases and diffi cult in 231 (18.3%). In 759 (80.4%) of the 944 patients who produced ⩽2.5 ml of sputum, the procedure was rated as easy, compared to 264 (80.7%) of 308 patients who produced >2.5 ml. Children in whom the procedure was rated as easy were more likely to produce >2.5 ml of sputum (P = 0.038).
In the univariate analysis, coughing as a method of obtaining sputum, higher amount of sputum obtained, older age of the child, greater ease of procedure and execution of procedures on consecutive days were associated with a positive culture. In the multivariate model (including children who had both IS1 and IS2), adjusting for the effect of the method of obtaining sputum, the amount of sputum obtained, age, difficulty of procedure and timing of the procedure, the only statistically signifi cant variable was the timing of the two IS procedures (OR 1.75, 95%CI 1.1-2.8, P = 0.019).
DISCUSSION
Induced sputum has become increasingly important in the diagnosis of TB in children. It is less invasive than gastric lavage, especially if the child is able to expectorate spontaneously. Gastric lavage takes longer, and usually requires overnight fasting and hospital admission. Moreover, gastric lavage is unpleasant for both the patient and health worker. 2, 6, 7 Induced sputum is quicker, requires less equipment and can be used safely and effectively in primary health care settings. 4, 12 The use of sputum induction increases the detection of TB cases, and is especially useful in children or adults who are unable to expectorate spontaneously. 9 In this study, culture of IS specimens gave a much higher yield than smear microscopy, as expected, 8 and a higher yield than Xpert. If resources allow and if the child is hospitalised, a second IS specimen can increase the microbiological yield substantially. Although this has been reported previously, 2, 9 no data on the optimal time period between the two procedures have been reported. This study suggests that the procedures should be performed on consecutive days to maximise the yield of culture. If a patient is able to expectorate, this is preferable, as expectoration increases the amount of sputum obtained and the rate of culture positivity.
This study confi rmed that IS is safe and useful for diagnosing TB in children, even in those with severe pulmonary disease. No serious side effects occurred during IS procedures, and the median drop in oxygen saturation was not clinically signifi cant. Epistaxis was the most frequent side effect, especially in children aged between 0 and 12 months; this is likely to be due to suctioning. In all procedures, despite age, a sterile mucus extractor of catheter size 6 or 7 was used. A smaller size catheter or lower aspiration pressure might reduce the number of patients suffering from epistaxis during the IS procedure. As the children were enrolled at a tertiary hospital setting, the generalisability of the fi ndings to primary care settings requires further study.
To prevent nosocomial transmission of TB to health care workers and other patients, careful environmental control should be undertaken. IS should be performed in a room with adequate ventilation, preferably high-effi ciency particulate air fi ltration and u ltraviolet radiation. Protective masks, gloves and aprons should be worn by health care workers during the procedure. 16 However, the risk of nosocomial transmission is lower in children than in adults, as children have lower bacillary loads. No cases of nosocomial infection among study staff were reported during the study.
